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I ntroduction

This documentdescribeghe geometryusedby the ADC tableat APS Sectorl7 andexplainsthe variable
definitionsusedby MX to describehis table. The ADC tableis a fairly normaldiffractometetabledesign
with six motorslocatedatthreepivot points. Two of thesepivot pointsform aline thatis approximatelypar
allel to the pathof the X-ray beam.Thesearecalledthe upstream outboard pivot point andthe downstream
outboard pivot point. Thethird pivot pointis calledtheinboard pivot point. Figurel shovs thegeometry

Thelocationsof the six motorsareindicatedby bold facearravs that pointin the positive directionfor
eachmotor Theupstreanputboardpivot point hasthreemotorsnamedX1, Y1, andZ1. The downstream
outboardpivot point hastwo motorsnamedY?2 andZ2 anda slide to allow x to move freely. Finally, the
inboard pivot point hasone motor namedZ3 andtwo slidesto allow x andy to move freely. The zero
positionfor thetableis shavn astable zero in Figurel andis locatedat the pointwheretheline connecting
theZ1 motorto the Z2 motorintersectghe perpendiculadroppedirom the positionof the Z3 motor.

Geometry Calculations

The goal of the geometrycalculationsbelow is to allow the positionof the centerof rotationin six dimen-
sions(z, y, 2, Oronts Opiten, @ANdBy,y) to be specifiedn termsof the positionsof themotorsX1, Y1, Y2, Z1,
Z2,andZ3. It is expectedthatthetablewill berotatedin roll, pitch,andyaw by fairly smallanglesrelative
to thenominalzerosof roll, pitch,andyaw. For thatreasonwe will usethe smallangleapproximation

0 =~ sinf =~ tanf D

in the calculationsbelon. Pleasenotethatonly the relative positionof the rotationcenteris important,so
we maydiscardextraneousonstanfactorsin the calculationgo come.

Thepositionof therotationcenteris expressedn termsof six parameterghatdescribehe detailsof the
tablegeometry Therelative distanceseparatinghe motorsareexpressedisingthreeparametersny, mo,
andms. Eachof theseparameterss the distancebetweenhe correspondingpivot point andthe table zero
position. Threeotherparametersalledr,, r,, andr, expressthe positionof the rotationcenterrelative to
whatwe arecalling thetablezeroposition. They aredefinedsuchthatr,, is positive if it is upstreanof the
tablezero,r, is positve if it is inboardof thetablezero,andr, is positive if it is above thetablezero.

X Position

Calculatingthe position of the rotation centerin the x directionis trivial sinceX1 is the only motor that
movesin this direction. Thus,we have theresult

Ax = 11 (2)
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Figurel: A perspectie view of the ADC table.

Y Position

Calculatingthey positionis only alittle bit morecomplicatedhancalculatingthe x positionsinceonly the
motionof thetwo motorsY1 andY2 in aplaneneedbe consideredTheir positionsprojectednto the X, Y
planeareshavn in Figure2.

By useof similartriangles we seethat

Ay—y2 Y1 — 1

= 3)
mo + Ty m1 + mg
which rearrangedecomes
mo + 1T
Ay =yo + <7$> (y1 — y2) (4)
mi + Mg
or finally
mg + T my—T
Ay = <M)yl + (#)w (5)
mi1 + Mo mi + Mg
Z Position

Calculatingthe changan the z positionis significantlymorecomplicatedsinceit dependsn threemotors
(21, 22, andZ3) which move alongtracksthatarenot all in the sameplane. For this calculation,we start
with the differentialexpression

0z oz 0z

Az=—A —A —A 6
z o7 21+ 92y z9 + 23 23 (6)
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Figure2: Motion of ¢ asafunctionof y; andys.

Using this expressionwe cancomputethe changen heightof therotationcenterdueto eachmotor sepa-
ratelyandthenaddup the termsafterward. Figure 3 shavs the geometrywe shallusefrom directly above
thetable.

Z3

Theeasiestermto calculateis thetermdueto Z3. By similar triangles we find thattherotationcenterrises
by anamountAr, givenby the expression

£ _ 2% ™)
Ty ms

Rearrangedye gettheresult
or, _ Ty ®)
823 ms

Z1

For Z1, sinceonly Z1 is moving, thetablerotateson the axis specifiedoy theline from Z2 to Z3. Thus,by
similartriangles

A’I‘z _ A21 (9)
U2 m1 + mg
SO 5
T U2
— 10
021 mi + mo (10)
uo maybefoundusingtrigonometryas
tan g = L E—C (12)
mo + Ty — Uz Mo
or
mo + Ty — Uz = <@>ry (12)
mg



Figure3: A view of thetablefrom directly above.



whichbecomes
Uy =my + 15 — (m—)ry (13)
mg

Substitutingbackin Equation10, we finally get

or, _ m2+"'w—(ﬁ_§)ry (14)
071 mi + mo
Z2
Thecalculationfor Z2 is similarto thatfor Z1. Now thetablerotateson the axis specifiedoy the line from
Z1to Z3. Thus,by similartriangles
A A
Ty _ z9 (15)
U1 mi1 + mag
o) 3
Ty Ul
_ 16
029 m1 + meo (16)
u; maybefoundusingtrigonometryas
— (17)

Ty

tana; =
mi

mp — Tz — Ul

or
(18)

which becomes

)
) (19)

Uy =my —Tg —
3

Substitutingbackin Equationl6, we get

Or, _ 11— s — (s)ry 20)
079 m1 + meo
Z Final Result
PuttingtogetherEquations8, 14,and20, we gettheresult
mo + 1y — (22)r my — 7y — ()7
Ar, = [ = G )y Az + | — Gag)Ts Az + | Y| Azy (21)
m1 + mag my + mo mg3
Yaw
Calculationof theyaw angleis relatively simplesinceit only depend®nthepositionsof Y1 andY2. Thus,
by inspectionwe seethat
Y1 — Y2 (22)

eaw:
Y m1 + mo

WhenMX changeghe yaw angleusingthis equation,it may changethe y positionof the centerof
rotation. To stopthis from happeningthey positionof the centerof rotationis computedbeforeandafter
thetransformatiorabove. Then,anappropriateAy valueis addedo bothy; andys suchthatthey position

of thecentemolongerchanges.



Roll

Theroll angledepend®nly ontherelative heightsof positionsZ3 andZ0 on Figure3. Thus,

z3 — Z
Hroll = 3 0 (23)
mg
20, in turn, depend®n the heightsof Z1 andZ2, via the equation
zZ) — %1 _ z9 — 21 (24)
mo +Tg 1+ Mo
or
mo + Tz
_ — 25
20 = 21 + <m1+m2>(z2 21) (25)

Similarly to the yaw, a changeof the roll angleusingthis equationmay changethe z positionof the
centerof rotation. To stopthis from happeningthe z positionof the centerof rotationis computedbefore
andafterthetransformatiorabore. Then,anappropriateAz valueis addedo z1, 2z, andzz suchthatthe z
positionof the centemo longerchanges.

Pitch
Thepitch angledepend®n therelatve heightsof Z1 andZ2, soby inspection

21— 22

gpitch = (26)

mi + mso
Handlinga pitch changeusingthe abore equationis somevhatmore complicatedn thatit canchange

both the roll angleand z position of the centerof rotation. Sincea changein roll canalsochangethe z

position,we first compensatéor thechangdn roll andthenafterward compensatéor the changen z.



